The value of plasma protein-bound iodine (PBI) measurement in the evaluation of thyroid disease has been well established (1) (2) (3) (4) (5) (6) (7) , but it has not yet assumed its deserved place in the clinical armamentarium because of the technical difficulties involved in distillation procedures. Modification of an alkaline-incineration technique (8) has resulted in the evolution of a method for PBI determination which is practicable for a clinical laboratory. It must be appreciated that extreme care will always be required in the quantitative measurement of 0.05 ugm. PBI/cc. plasma as well as in avoiding contamination.
SOLUTIONS REQUIRED
All solutions should be made up in double-distilled water. If the amount of iodide in the water is still too high to give a satisfactory blank, it may be necessary to carry out these distillations with such reagents as alkali and permanganate.
All reagents used should be of highest purity obtainable. However, the iodine content in each instance must be judged from the blank values rather than from estimates shown on the labels. Often it is necessary to turn to a new source of supply or a different lot number in case of contamination.
Zinc sulfate. 100 grams of ZnSO4 7 H,O per liter of solution.
Sodium hydroxide. 0.5 N is 20 grams of NaOH per liter of solution. The zinc sulfate and sodium hydroxide reagents should be so related that when 10.0 cc. of the former are diluted with 50-70 cc. of water and titrated with the latter, 10 This should be diluted with about 300 cc. of water and dilute sulfuric acid added until the solution is slightly acid to litmus paper (if the 7 N is used, about 4 cc. will be required). The solution is then made to 11. If sodium arsenite itself is used, 6.50 grams of NaAsO, should be dissolved in distilled water and diluted to 1.0 1. No acid or alkali is required with this salt.
ANALYTICAL PROCEDURE
The steps involved can most conveniently be described under four headings: 1) precipitation and washing of plasma proteins, 2) drying and incineration of sample, 3) dissolving iodide from the ash, 4) colorimetric determination of iodide present. 1) Precipitation (9) and washing of plasma proteins. The blood sample, about 10 cc., is centrifuged and the plasma or serum drawn off. Duplicate aliquots of 1 cc. each are pipetted into 15 X 125 mm. Pyrex test tubes, diluted with 7 cc. of distilled water and 1.0 cc. of 10% zinc sulfate solution added. The contents of each tube are mixed with a glass stirring rod about 2 mm. in diameter, 1.0 cc. of 0.5 N sodium hydroxide is added and the solutions thoroughly mixed to insure even distribution of the alkali and complete precipitation of the proteins. Any material adhering to the rod can be removed by rubbing it with a rotary movement against the inside wall of the tube.
The tube and contents are centrifuged for 10 minutes to pack the precipitate and the supernatant fluid is poured off. Ten cc. of distilled water are added and the protein resuspended by means of the same stirring rod 55 originally used. Stirring should be only sufficiently vigorous to distribute the zinc proteinate uniformly throughout the solution; if over-zealously carried out, the precipitate may be so finely divided that it cannot easily be centrifuged down. Centrifugation is again carried out and the supernatant discarded. This washing process is repeated two more times, making a total of three washings (the original precipitation is not included as a washing).
2) Drying and incineration. After the last supernatant solution has been poured off, 0.8 cc. of 4.0 N sodium carbonate is added and thoroughly stirred into the precipitate with the same stirring rod used in the washings. Removal of material clinging to the rod can be accomplished by rubbing as described previously, followed by 0.2 cc. of the 4.0 N Na, CO Since the measurement depends entirely upon the decrease in amount of color, the pipetting of the 1.0 cc. of ceric solution must be highly accurate, even though done rapidly. Mixing must again be rapid and thorough.
The Klett-Summerson readings (using blue filter No. 42) are plotted on semi-log paper against the time in minutes. Ordinary graph paper is suitable for instruments giving readings in terms of per cent light transmission. The colorimeter setting at zero time is obtained for any given batch of reagents by quickly reading a reagent blank immediately after addition of the ceric sulfate. The lines describing the two reaction rates are drawn using the points for 0, 6 and 12 minutes, as is shown in Figure 1 and then the horizontal line indicating times required to reach equal amounts of decolorization. The amount of iodide in the colorimeter tube without added iodide is calculated from the following equation, obtained from similar triangles (see Figure 1 t, = time in minutes at intercept of the rate of decolorization in tube containing added iodide with the designated horizontal.
The reagents used contain variable amounts of iodide and the total must be determined by blank analyses starting with the zinc sulfate and sodium hydroxide solutions and carried through the entire procedure, including the washings with 10 (11) (12) (13) renders the determination without value. Within a few hours, the PBI rises, often reaching a peak greater than 350 /gm. %o. De- pending upon the nature and amount of the particular substance plus the method of its administration, elevated PBI values have been observed for six months to three years in the absence of any genuine metabolic disorder (2, 14) . No satisfactory method exists for separating these iodine-containing compounds from the true PBI, even the extraction of "thyroxine iodine" with butyl alcohol (15) . It is highly recommended that information as to this type of contamination be widely disseminated so that samples for PBI analysis will be drawn before rather than after a diagnostic procedure using any organic iodide.
1) Precipitation and washing of plasma proteins. The blood sample may be collected with an anticoagulant or may be allowed to clot. The advantages of the former are speed in obtaining the plasma and a larger volume of fluid resulting, and of the latter that no foreign material need be added 3 Obtainable from the Finger Lakes Chemical Co., Etna, N. Y.
to the blood. No difference has been found between plasma and serum PBI and the routine in this laboratory has been to use oxalated bottles prepared in advance by evaporating 0.1 cc. of 20%o potassium oxalate solution in each. The labels should be distinctive to avoid exchange with bottles from other laboratories. If serum is to be used, a paraffined tube is advantageous to allow easy clot retraction.
The procedure of washing the zinc proteinate precipitate by resuspension in distilled water and centrifugation has been found by both chemical and radioiodine tracer studies 4 to remove between 99.0 and 99.5%o of the inorganic iodine present.
At plasma inorganic I levels of 2 ;gm. %o (for normal humans) to 100 Agm. %o (on some Lugol'streated patients), the residual amounts (about 0.01 to 1.00 jugm. %o) are not large enough to interfere. However, thyrotoxic patients being given five drops t.i.d. often are up to 300 ,gm. %, and one woman receiving 20 drops t.i.d. rose to 1120 ugm. %b. Although it is of questionable therapeutic value to use such extremely high iodine doses, the situation occasionally comes up and the laboratory must constantly be on the lookout. If all iodine therapy is stopped at least four days prior to drawing a sample for PBI, the plasma inorganic iodide will return nearly to the normal level, so that three washings are adequate. If IlsI uptake by the thyroid gland is also to be measured, an even longer period of time will be required. It is felt that this type of precaution is better than increasing the number of washings of the protein precipitate.
2) Ashing.5 It does not appear necessary to take any elaborate precautions to insure absolutely even distribution of the protein-sodium carbonate suspension on the wall of each tube. However, it is desirable to avoid leaving the entire contents at the bottom of the tube, since this may lead to 4The I' used in this investigation was supplied by the Oak Ridge National Laboratory on allocation from the Isotopes Division, U. S. Atomic Energy Commission. 5For the most consistent results possible, it has been found desirable to have a muffle furnace available for the exclusive use of the iodine laboratory. While awaiting replacement of a defective relay on our furnace, we attempted to share one in the institution's water laboratory. Random contaminations immediately became a serious problem until we could return to our own apparatus, although no source for the added iodide was ever found. large bubble formation during the drying. Often such a bubble will rise through the entire tube, carrying ahead of it considerable protein material and causing a loss of PBI.
The ashing time and temperature have been found not critical, variations from two to three hours and from 5750 to 6250 C. causing insignificant differences in results. At temperatures above 6500 C., softening of the Pyrex tubes occurs as well as loss of iodine. Although the ash in the recommended temperature range is gray rather than white, the incineration is adequate to put all of the organic iodine into extractable inorganic form. Below 5000 C., there are so many products of incomplete ashing that the acid solution is yellow and substances are extracted which give a very high "iodine" value.
Each tube is used three or four times and then discarded in order to avoid excessive etching with possible loss of the sample. The unknown also includes any iodide present in the reagents and a blank must be carried through as described in order to correct U for the blank. 2) = 11.096 for 56 degrees of freedom Therefore, there is much greater than 99% probability that the results are the same.
tion formula using the 0, 6 and 12 minute readings is contained in the detailed heading accompanying Figure 1 . Table I The customary method of calculating by setting up a curve of standards and interpreting colorimeter readings of unknown solutions from this curve is much simpler, but suffers from the possibility of the presence of some substance which would enhance the decolorization or interfere with it. The two methods of computation have been compared on several series of clinical samples; the standard curve technique was consistently higher, 'by 0.8 jugm. %o using the 6-minute readings and 1.3,gm. %o using 12-minute readings. Recovery of the added 0.04 /Lgm. of standard iodide was 99.3%o and 100.0%o, respectively. No basis for this difference can be offered at present. It is obvious that use of the simpler form of calculation will necessitate upward revision of the values to be considered normal by about 1 ugm. %Yo.
RECOVERY OF ADDED IODINE
As a test of the ability of the procedure to determine known amounts of iodine, standardized amounts of sodium iodide, thyroxine and thyroglobulin were added in triplicate to tubes containing precipitated and washed plasma proteins.
Drying, ashing, HCI and H2S0, elution and colorimetric determination of iodide present then followed. The results, shown in Table II , demonstrate adequate recovery of these substances in physiologically important amounts. In order to accomplish this, a group of samples has been assembled in Table III from medical %o, must be extended downwards to 3.5 ugm. %o.
This conclusion is, of course, based partially on acceptance of the validity of the BMR. Since the usual error in this determination is on the plus side, one might argue that this error had operated in the three subjects whose PBI values were below 3.9,gm. %o and that they actually should be considered myxedematous. No answer to this is possible, except that no genuine symptoms of hypothyroidism were apparent in any of these individuals. It will require a great many carefully controlled determinations in the borderline PBI zone of 3.5-4.0 to settle this physiological as well as chemical problem.
It is highly possible that the upper limit should be 7.5, bringing the entire euthyroid group close to the range of 3.5-7.0 jugm. %o as suggested by Riggs (2) . The problems of overlap, as far as the PBI is involved, seem to be intensified in the lower, myxedema, portion, with very few euthyroid individuals above 7.5 or thyrotoxic below 8.5 ,tgm. %o.
The histories on 86 of the patients on whom plasma PBI's had been run also contained results of BMR and I'll uptake determinations. The data for PBI and BMR have been plotted in Figure 3 -MA,JL
